ABSTRACT Empirical "backward" galaxy evolution models for infrared bright galaxies are constrained using multi-band infrared surveys. We developed a new Monte-Carlo algorithm for this task, implementing luminosity dependent distribution functions for the galaxies' infrared spectral energy distributions (SEDs) and for the AGN contribution, allowing for evolution of these quantities. The adopted SEDs take into account the contributions of both starbursts and AGN to the infrared emission, for the first time in a coherent treatment rather than invoking separate AGN and star-forming populations.
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TIR over the infrared luminosity range 10 11 to 10 13 L ⊙ and estimate its spread. Judging from the modest number of distant sources with Spitzer spectroscopy, the relation changes at high z.
In the second part we present the model. Our best-fit model adopts very strong luminosity evolution, L = L 0 (1 + z)
3.4 , up to z = 2.3, and density evolution, ρ = ρ 0 (1 + z) 2 , up to z = 1, for the population of infrared galaxies. At higher z, the evolution rates drop as (1 + z) −1 and (1 + z) −1.5 respectively. To reproduce mid-infrared to submillimeter number counts and redshift distributions, it is necessary to introduce both an evolution in the AGN contribution and an evolution in the luminosity-temperature relation. At a given total infrared luminosity, high redshift infrared galaxies have typically smaller AGN contributions to the rest frame mid-infrared, and colder far-infrared dust temperatures than locally. We also suggest an extension of the local infrared galaxy population towards lower dust temperatures.
Our models are in plausible agreement with current photometry-based estimates of the typical AGN contribution as a function of mid-infrared flux, and well placed to be compared to upcoming Spitzer spectroscopic results. As an example of future applications, we use our best-fitting model to make predictions for surveys with Herschel. Subject headings: cosmology: source counts, cosmology: redshift distribution, galaxies: active, galaxies: starburst, galaxies: evolution, infrared: galaxies
INTRODUCTION
The discovery of the cosmic infrared background (CIB) (see Hauser & Dwek 2001 for a review), together with recent deep cosmological surveys in the infrared (IR) and submillimeter bands, have offered new perspectives on our understanding of galaxy formation and evolution. The surprisingly large amount of energy contained in the CIB showed that it is crucial to probe its contributing galaxies to understand when and how the bulk of stars formed in the Universe. Thanks to the deep cosmological surveys carried out by ISO (Kessler et al. 1996 , e.g. Aussel et al. 1999 Oliver et al. 2000) , SCUBA (Holland et al. 1999 , e.g. Hughes et al. 1998 , MAMBO (Kreysa et al. 1998 , e.g. Bertoldi et al. 2000 Dannerbauer et al. 2004) and Spitzer (Werner et al. 2004 , e.g. Papovich et al. 2004 Frayer et al. 2006a; Dole et al. 2006) it is now possible, to various degrees, to resolve the CIB into discrete sources.
The source counts are high when compared to no-evolution or moderate-evolution models for infrared galaxies (Guiderdoni et al. 1998; Franceschini et al. 1998) . The striking results of these surveys concerning the evolution of the infrared and submillimeter galaxy population, and the constraints from the measurements of the CIB, require the development of new models to explain the high rate of evolution of infrared galaxies. The problem of describing the number distribution of galaxies in the Universe is usually tackled via one of two methods. In the first method, known as forward evolution, the calculation assumes some initial conditions and physical processes for chemical and photometric evolution of the stellar populations that heat the dust. The socalled semi-analytical approach combines these assumptions about the chemical/photometric evolution of galaxies with models for the dissipative and non-dissipative processes affecting galaxy formation within dark matter halos (Baugh et al. 2006 ) and has provided a reasonable fit to the source counts in the infrared (Guiderdoni et al. 1998; Lacey et al. 2008) . Arguably, the forward evolution approach has the advantage of being based on a more fundamental set of assumptions. However the obvious disadvantage is the large number of free/unknown parameters assumed in these models. Compared to other wavelengths, there is one further complication for forward modelling of infrared surveys. Even if global properties of the evolving galaxies like star formation rates or AGN activity are correctly modelled, additional assumptions about the dust content and structure of the galaxy have to be invoked to convert them into a prediction of the luminosity and spectral energy distribution of the re-emitted infrared radiation.
The alternative method, often called the backward evolution approach, takes the observed, present day (z = 0) luminosity function (LF) and evolves it in luminosity and/or density out to higher redshifts assuming some parametrization of the evolution (e.g. Franceschini at al. 1988; Pearson & Rowan-Robinson 1996; Xu et al. 2001; Franceschini et al. 2001; Rowan-Robinson 2001; Lagache et al. 2003) . This method has the advantage of being both direct and relatively simple to implement. The disadvantage in the past was that the information on which the measurements of evolution were often made with IRAS or ISO data which extended out only to relatively low redshifts. Because of their simplicity, backward evolution models have traditionally played a strong role in the planning of new infrared surveys. A backward evolution model fitting the main constraints provided by previous missions can be easily modified to predict the results of new missions and help in the first steps of interpreting their results. Thanks to the latest deep and comprehensive observations cited above, the tools to constrain the backward evolution methodology to significantly higher redshifts are now available.
Very recently, several empirical approaches have been proposed to model the high rate of evolution of infrared galaxies, in particular to reproduce source counts of the mid-IR surveys made with Spitzer (e.g. Lagache et al. 2003 Lagache et al. , 2004 Gruppioni et al. 2005; Rowan-Robinson 2009) .
The "classical" backward evolution model starts from different populations of galaxies, typically cirrus, starburst, active galactic nuclei (AGN) and ultraluminous infrared galaxies (ULIRGs) (e.g. Rowan-Robinson 2001) , or a subset of those. Each population is assigned a spectral energy distribution (SED) and local luminosity function, and evolved independently, assuming it has a proper cosmic evolution rate. These hypotheses are not always satisfied. First of all, the SEDs adopted for starburst galaxies are usually either represented by a single SED or come from a set of templates where a unique relation between temperature and luminosity is assumed. This aspect was already discussed by Chapman et al. (2003) and Chapin et al. (2009) : analyzing a sample of local infrared galaxies, they found that the luminosity-temperature (L − T ) relation presents a significant spread. The latter, in particular, showed evidence for some evolution of the relation with redshift, comparing the local trend with high-redshift data from SHARC-II 350 µm observations of SMGs (e.g. Kovács et al. 2006; Coppin et al. 2008) . Second, and perhaps more important, different populations of galaxies are not as distinct as assumed in the models: very often AGN and starbursts co-exist in the same object, can be predominant at different times depending of the evolutionary stage of the object itself and can influence each other (e.g. AGN feedback on star formation).
Backward evolution models based on single SEDs or the simple SED family approach described above have been quite successful in fitting the number counts from the IRAS and ISO missions, the first submillimeter counts, the global CIB level, and for making predictions for Spitzer and Herschel. The number and quality of observed constraints is increasing, however, and already the first Spitzer results have led to on-the-spot modifications (c.f. the modified SEDs adopted by Lagache et al. 2004 ) that may either genuinely represent improved knowledge, or reflect limitations of the simple assumptions made previously. Furthermore, questions gaining increased importance, like the co-existence of AGN and star-formation in infrared galaxies, cannot be addressed by this generation of models, not even in the simple sense of fitting existing data and extrapolating to new observations. The goal of this work is hence to take the next step and develop a backward evolution model that considers realistic spreads in far-infrared SEDs, in AGN contributions at different luminosities, and their possible evolution with redshift. To that end, we first have to describe the local situation that is the starting point of the backward evolution scenario. Luminous (LIRGs:
12 L ⊙ ) and ultraluminous (ULIRGs: L TIR > 10 12 L ⊙ ) infrared galaxies (Sanders et al. 1988 ) have been studied extensively in the local Universe, for instance with the Infrared Astronomical Satellite (IRAS; e.g. Soifer et al. 1987; Saunders et al. 1990) , the Infrared Space Observatory (ISO; e.g. Lutz et al. 1998; Genzel & Cesarsky 2000; Tran et al. 2001) , and more recently, with the Infrared Spectrograph (IRS; Houck et al. 2004 ) on board of Spitzer (e.g. Weedman et al. 2005; Brandl et al. 2006; Armus et al. 2007; Desai et al. 2007; Veilleux et al. 2009 ). These galaxies exhibit a large range of properties in the mid-IR, some showing strong PAH emission features characteristic of powerful (up to ≈ 1000 M ⊙ yr −1 ) star formation rates (e.g. Brandl et al. 2006; Smith et al. 2007) , and exhibiting a large range in 9.7 µm silicate absorption or emission strengths (e.g. Weedman et al. 2005; Desai et al. 2007; Imanishi et al. 2007 ). Spitzer IRS is now enabling the study of mid-IR spectra of infrared galaxies to much higher redshifts (z 2; e.g. Houck et al. 2005; Yan et al. 2007; Menéndez-Delmestre et al. 2007; Valiante et al. 2007; Pope et al. 2008) . Although locally rare, infrared galaxies are an important population at high redshifts and account for an increasing fraction of the star-formation activity in the universe (Le Floc'h et al. 2005) . By studying their infrared properties, we are just starting to estimate the extent to which AGN and star-formation contribute to their infrared luminosities, and therefore determine a correct census of starbursts and AGN at epochs in the Universe when their luminosity density was at its maximum.
The local luminosity function of IR-bright galaxies can be described considering two different populations: normal galaxies, dominating the "low-luminosity" part of LF, and starburst galaxies, dominant in the "highluminosity" part. The AGN contribution appears dominant only at very high luminosity (L TIR 2 × 10 12 L ⊙ ). Nevertheless, a small fraction of the total infrared luminosity can be due to the presence of an active galactic nucleus even in star formation dominated cases, and vice versa ). There are several stud-ies of the AGN content for luminous galaxies at ULIRG and HYLIRG (hyperluminous infrared galaxies, L TIR > 10 13 L ⊙ ) levels, both using X-ray (Franceschini et al. 2003; Teng et al. 2005 ) and mid-IR (e.g. Genzel et al. 1998; Lutz et al. 1998; Tran et al. 2001 ) emission, and it is generally believed that AGN are typically less important at lower infrared luminosities. Still missing is a comprehensive study including lower luminosities (< 10 12 L ⊙ ), with the aim of quantifying the distribution of AGN luminosity respect to the infrared luminosity of the host and the fraction of infrared luminosity due to accretion. Such a study is made in the following section (see § 2).
This work is organized as follows: in the first part ( § 2), starting from an IRAS-based sample of LIRGs and ULIRGs observed with IRS, we derive local distribution functions for the AGN contribution at different infrared luminosities. Using a small sample of distant galaxies, we also try to explore this relation at higher z. In the second part ( § 3), we present a new backward evolution model whose new element is to treat infrared galaxies as a single population with a single local luminosity function, but with realistic spreads in both SED properties and AGN content. An SED including the contribution due to starbursts and AGN is associated with each source, following the relations derived in the first part for local and distant objects. This model, besides reproducing existing source counts, redshift distributions and CIB intensity, is also able for the first time to quantify the contribution due to starbursts and/or AGN to the total infrared luminosity and how this contribution evolves for different luminosity classes.
THE AGN CONTRIBUTION IN LOCAL ULIRGS AND

LIRGS
In order to be useful for the backward modelling project outlined above, a local calibration of the distribution of AGN contributions at given infrared luminosity has to span the highest luminosities down to at least the low end of the LIRG regime (10 11 L ⊙ ). Given the evidence for the major contribution of objects above this luminosity threshold to the CIB and to the cosmic star formation rate at z 1 (e.g. Elbaz et al. 2002; Pérez-González et al. 2005) , covering this luminosity range is essential. Historically, many of the references cited above have focussed on the ULIRG (> 10 12 L ⊙ ) regime and even its upper end where the AGN contribution is highest, while studies at lower luminosities mostly focussed on individual interesting objects. What is needed is a quantification of AGN content for an unbiased far-IR selected sample reaching down to 10 11 L ⊙ . Of the two principle routes towards this observational goal, X-ray observations and mid-IR spectroscopy, we make use of the second for two reasons. First, there is not yet a full unbiased and deep X-ray dataset for such a sample available. There are XMM and Chandra data of the depth required for good X-ray spectral analysis for many local LIRGs/ULIRGs, but still with a tendency to target known AGN. Second, since the implicit goal of our modelling effort is to characterize the AGN effect on the infrared SED, mid-IR data can provide useful constraints quite directly even when adopting simple analysis methods, while evidence from other wavelengths would have to go through a conversion to the mid-IR range, or even in two steps via the AGN bolometric power, a process that will be subject to the considerable scatter of AGN SEDs.
Our basic approach is to determine the distribution of AGN contributions for local LIRGs and ULIRGs from the IRAS Revised Bright Galaxy Sample (Sanders et al. 2003) for which archival Spitzer spectroscopic coverage is essentially complete. We adopt a simple quantification of the AGN contribution from the rest frame 6 µm continuum which, while not making use of the full details of the best S/N spectra, is applicable to the entire sample and allows for straightforward use in the later modelling.
In mid-IR spectra of AGN, the 6 µm flux after subtraction of the starbursts contribution (f 6AGN ), is related to the nuclear activity, as indicated by the intrinsic hard X-ray flux . Hard X-rays, unless extremely obscured in fully Compton-thick objects, can provide a direct view to the central activity, while the infrared continuum is due to AGN emission reprocessed by dust, either in the torus or on somewhat larger scales. The mid-IR continuum has the advantage of showing no significant differences between type 1 and type 2 AGN and of being a good tracer of nuclear activity even in those cases where hard X-rays are strongly absorbed. Low resolution mid-IR spectra of galaxies can be decomposed into three components (Laurent et al. 2000) : a component dominated by the aromatic "PAH" features arising from photodissociation regions or from the diffuse interstellar medium of the host, a continuum rising steeply toward wavelengths beyond 10 µm due to HII regions and a typically flatter thermal AGN dust continuum present in active galaxies.
In the range covered by the low resolution modules of IRS (SL1 and SL2, from ∼5 to ∼14 µm as described in Houck et al. 2004) , the AGN emission is most easily isolated shortwards of the complex of aromatic emission features (Laurent et al. 2000) . We determine the continuum at 6 µm rest wavelength and eliminate non-AGN emission by subtracting a star formation template scaled with the strength of the aromatic "PAH" features arising from the host or from circumnuclear star formation. This method does not require spatially resolving the AGN from the host and, thanks to the high sensitivity of IRS, allows the detection of a weak AGN in the presence of strong star formation in many nearby galaxies.
For the purposes of this work, the use of mid-IR spectra, in particular of f 6AGN , is the best way to quantify the AGN fraction for several reasons: (1) in order to derive a local luminosity function, we need a large sample: the number of objects for which mid-IR spectra are available is much greater than the number of sources with X-ray data of sufficient quality; (2) we are interested in the contribution of AGN to the infrared emission: L 6AGN is more strongly correlated with the AGN's infrared emission than, for example, L 2−10 KeV ; (3) f 6AGN is the only consistent way to constrain the AGN contribution in our comparison sample at high redshifts, due to the limitations (in wavelength coverage and S/N) of the high-z spectra; (4) as explained above, f 6AGN is also sensitive to Compton-thick AGN, not detected in the X-rays: these kinds of galaxies become increasingly important at highz, as shown both in mid-IR (Daddi et al. 2007 ) and X-ray (Gilli et al. 2007 ) surveys.
Sample selection and data reduction
The starting point for this study is the IRAS Revised Bright Galaxy Sample (RBGS), a complete fluxlimited survey of all extragalactic objects with 60 µm flux f 60 > 5.24 Jy (Sanders et al. 2003) . The galaxies with L TIR > 10 11 L ⊙ were selected from this sample and the mid-IR IRS data were obtained from the Spitzer archive for all of the them, with the exception of 6 sources that were not yet observed or for which there were no observation programs at all. Most of our observations have been obtained within the program PID 30323 (PI L.Armus). A comprehensive study of LIRGs and ULIRGs is being carried on by the Great Observatory All-sky LIRG Survey (GOALS 4 ) and a more complete approach to derive AGN contributions from mid-IR spectra will be presented in forthcoming studies by the GOALS team. Additional data have been retrieved from other Spitzer programs 5 . Because of the limit in flux, this sample misses the most luminous infrared galaxies that are rare in the local universe. In fact, it does not include any galaxy with L > 10 12.5 L ⊙ , excluding all HYLIRGs, for example, from the analysis. In order to enlarge our range in luminosity, in particular including representatives of the most luminous tail of the local galaxy population, we added Spitzer spectra for 14 galaxies from the sample of 16 by Tran et al. (2001) . These latter galaxies were selected from surveys at different limits in f 60 and with a preference for high-luminosity targets. They do not introduce any bias in mid-IR spectral properties or AGN content. In particular, no AGN-related IRAS color criteria, like the f 25 /f 60 ratio, were applied in the selection.
The total sample includes 211 sources spanning a luminosity range 10 10.9 ≤ L TIR ≤ 10 12.8 L ⊙ (see Fig. 1 and Tab. ??).
We reduced the data as follows. We subtracted, for each cycle, the two nod positions of the basic calibrated data (BCD) frames. In the difference just calculated, we replaced deviant pixels by values representative of their spectral neighbourhoods. We subtracted residual wavelength dependent backgrounds, measured in sourcefree regions of the two dimensional difference spectra. In averaging all the cycles of the 2-dimensional subtracted frames, we excluded values more than three times the local noise away from the mean. The calibrated 1-dimensional spectra for the positive and the negative beams were extracted and the two 1-dimensional spectra averaged in order to obtain the final spectrum, using the SMART analysis package (Higdon et al. 2004) .
We derive f 6AGN by a decomposition over a range from 5.5 µm to 6.85 µm rest wavelength. We fit the spectrum by the superposition of a star formation component dominated by the 6.2 µm PAH feature (M82 spectrum by Sturm et al. 2000) and a simple linear approximation of the AGN continuum. Fig. 2 shows the decomposition of the spectrum for sources with different nature: NGC1614 is a pure starburst; NGC1365 is classified as a Seyfert 1.8 from its optical spectrum, has a Compton-thin AGN observed in the X-ray emission (Risaliti et al. 2000) but shows also PAH features in the mid-IR spectrum; MCG-03-34-064 has a typical AGN-dominated mid-IR spectrum; the galaxy pair NGC3690/IC694 (Arp299) is classified as Compton-thick AGN from its X-ray spectrum (Della Ceca et al. 2002) and its mid-IR spectrum reveals that the nuclear activity is quite high but coincident with strong star formation.
The results of the fitting procedure aref 6AGN , represented in Fig. 2 by the thick vertical line, andf 6.2peakSB , an average flux density of the PAH component over the rest wavelength range 6.1 to 6.35 µm (see Tab. ??). A more comprehensive and in-depth study of the PAH features of this sample will be presented in future papers by the GOALS team. The spectrum of M82 is technically well suited for this decomposition but represents just a single object that may not be representative for star forming objects in general. We deal with this using the results and approach of Lutz et al. (2004) (their section 2.1). Specifically, we first use the M82 SWS spectrum for decomposition and then correct for systematic differences between M82 and a sample of 11 starbursts. To take into account the dispersion among star-forming objects in relative importance of all the components in the model of Laurent et al. (2000) , Lutz et al. (2004) have decomposed this small sample of 11 star-forming objects using the same approach and same M82 template. They find a mean residual of 0.096 ×f 6.2peakSB with a dispersion of 0.085. This corresponds to a a 6 µm continuum in M82 that is fainter than in other starbursts. This finding agrees with the results of Brandl et al. (2006) who find more 6 µm continuum in their Spitzer starburst template composed of 13 sources than in the M82 SWS spectrum. Decomposition of the Brandl et al. (2006) template using our approach and correction for M82 systematics in the way described results in an insignificant residual continuum of less than 0.5% of the 6.2µm PAH peak, showing that also quantitatively the agreement between their template and our approach is good. Tab. ?? implements our approach in the following way: the values f 6AGN used for all further analysis are obtained after subtracting 0.096 ×f 6.2peakSB from the direct fit resultf 6AGN . They are thus corrected for the slight systematic difference between M82 and other starbursts. Error estimates for f 6AGN are the quadratic sum of two components. The first is a measurement error based on individual pixel noise derived from the dispersion in the difference of observation and fit. The second is 0.085 ×f 6.2peakSB , thus considering the dispersion in the properties of the comparison star forming galaxies.
In summary, AGN 6 µm continua obtained by our decomposition, are thus consistent with those obtained using Brandl et al. (2006) starburst template, and in addition include an estimate of the uncertainty arising from the spread of starburst properties.
Distribution of the AGN contribution
Next we study the AGN contribution to L TIR in ULIRGs and LIRGs as a function of luminosity. Our results will be used in the modeling of § 3 to build composite SEDs taking into account the two main energy sources (starbursts and AGN) of infrared galaxies. Fig. 3 shows the distributions of the ratio between the 6 µm AGN continuum luminosity and the total infrared luminosity (νL 6AGN /L TIR ) for five different luminosity bins, spanning 10 10.9 to 10 12.8 L ⊙ . These distributions do not show the intrinsic AGN luminosity, but the fraction of the IR emission due to the contribution of an AGN, because of the normalization used.
As shown from the distributions of Fig. 3 (solid and cross-hatched histograms) and also in the diagram of Fig. 7 (open squares), there is no evident trend with luminosity in the values of the means of the detections. In the bins at lower L TIR there are good statistics, but the percentage of upper limits to L 6AGN is rather high (upper limits are represented by cross-hatched histograms). In the bins at higher L TIR , where the f 6AGN detection rates increase in a significant way (solid histograms represent detections), the numbers of objects are more modest. In both cases, the averages obtained from detections only (open squares in Fig. 7 ) have to be considered upper limits to the real mean values of the distributions of νL 6AGN /L TIR .
The clearest trend in our measurements is the detection rate as a function of L TIR . The decreasing fraction of upper limits clearly demonstrates that the distribution is changing across the luminosity bins and that there must be a trend also in the intrinsic distribution of νL 6AGN /L TIR . With the assumption of a normal distribution, it is possible to estimate the main parameters, mean and standard deviation, of the intrinsic distribution of νL 6AGN /L TIR by Monte-Carlo simulations, taking into account the flux limit defining the RBGS sample as well as the Spitzer-IRS detection limit.
2.3.
Simulating the distribution of the AGN contribution In order to reproduce our measurements, in terms of detection rate, mean and standard deviation of the detections (hereafter d.r., m det , σ det ), using Monte-Carlo simulations, we need to make assumptions about the intrinsic distribution of νL 6AGN /L TIR we are looking for and the quantities that affect our upper limits. νL 6AGN /L TIR is tightly correlated with two different quantities. L 6AGN depends in a trivial way on f 6AGN , i.e. on the sensitivity of the instrument. L TIR is related to the 60 µm flux by relations well known and tested on IRAS data (Helou et al. 1985; Dale et al. 2001) .
Our RBGS-based sample is selected at 60 µm. Therefore, the first step of the simulation consists of generating a population of sources having a 60 µm flux density spanning a range from 5.24 to 200 Jy and a distribution N (f ν ) ∝ f −1.5 ν (Sanders et al. 2003) , expected for a complete sample of objects in a non-evolving Euclidean universe that is a reasonable approximation for the relatively small redshift range covered by our sample. We derive L TIR for each source generated starting from its 60 µm flux density, adopting L TIR ∼ 2 × νL 60 µm as appropriate for our sample. Assuming that the distribution of νL 6AGN /L TIR is gaussian with a certain mean and standard deviation (m, σ), we calculate the expected value of f 6AGN . At this point we apply a detection limit to f 6AGN and calculate d.r., m det and σ det . The values of m and σ that best reproduce the measured d.r., m det and σ det for each luminosity bin are assumed to be the parameters of the νL 6AGN /L TIR intrinsic distribution.
Our IRS data come from the public Spitzer archive, consisting of several observing campaigns to varying depths. To assign a detection limit to f 6AGN , we consider the values of 3σ for the detections and the values of the upper limits for the non-detections in each luminosity bin. We assume the median values of the distributions of these quantities as the detection limits of our measurements. These values span ∼ 18 − 1 mJy, depending on the luminosity bin (see Tab. 1). Fig. 4 shows the results of the simulation for a population of 2 × 10 4 objects. This number was chosen such that the sampled distributions converge. Each diagram shows the best gaussians that, given the detection limit, reproduce the observed values of d.r., m det and σ det . A summary of the distribution parameters of measurements and simulations is presented in Tab. 1. The values found for m and σ are also plotted in Fig. 7 (green stars). Here, a correlation between the contribution to the infrared luminosity due to the AGN and the total infrared luminosity is clearly visible, with a dispersion decreasing with the luminosity. The best fit,
Our results assume the νL 6AGN /L TIR distribution to be gaussian for each luminosity bin. This is a reasonable first hypothesis and it reproduces the observations in terms of detection rate, mean and dispersion of the detections with a small numbers of parameters. More attention is needed when applying it to our Monte Carlo simulations of the infrared sky. The low AGN activity end of the distribution, corresponding mostly to IRS non-detections, is certainly poorly constrained, but such differences between already weak and totally insignificant AGN will not have a major effect on the predictions of our model. Of course, using these distributions to study physics of low luminosity AGN in these systems would be misleading. Differences at the high AGN activity end can be more important by introducing or missing very luminous mid-IR sources dominated by AGN. Comparing for example the log(νL 6AGN /L TIR ) distribution for the third luminosity bin in Fig. 3 and Fig. 4 (11.7 < log(L TIR ) < 12.1), we find the modelled distribution extending up to log(νL 6AGN /L TIR ) ∼ 0 which is not reached by the observations. This could reflect limits in the statistics of our IRS sample as well as a true overprediction of our simple gaussian hypothesis at the high log(νL 6AGN /L TIR ) end. We will return to this issue in § 4.2 in the context of our backward evolution model. In the following we assume that the increase of the fraction of AGN occurs only up to the last luminosity bin measured (L TIR ∼ 10 12.7 L ⊙ ) and then the relation between νL 6AGN /L TIR and L TIR becomes flat (Eq. 1; see also Fig. 7 , green dotted line).
Evolution with redshift
It is interesting to check if and how the relation just found between νL 6AGN /L TIR and L TIR evolves with redshift. Previous studies already showed that, even if in the local universe ULIRGs tend to be AGN-dominated at L TIR > 10 12.5 L ⊙ (Lutz et al. 1998; Veilleux et al. 1999; Tran et al. 2001) , this trend does not extend to higher redshifts. For example, submillimeter galaxies that, with their typical infrared luminosity of ∼ 10 13 L ⊙ , are among the most luminous objects known, are mainly starburst dominated. Mid-IR spectroscopy in fact shows that the contribution to the total luminosity due to AGN continuum is small in most of the sources ob-served with Spitzer IRS at high redshifts (Lutz et al. 2005a; Menéndez-Delmestre et al. 2007; Valiante et al. 2007; Pope et al. 2008) .
These results are consistent with X-ray observations of the same population (Alexander et al. 2005) .
A systematic study at high redshifts is difficult with existing data. Ideally, to be consistent with the locally derived IRAS luminosity function, a high-z sample should be selected at 60 × (1 + z) µm, at the peak of the dust emission, but this cannot be done with our pre-Herschel observations.
Our high redshift sample includes all the sources observed by Menéndez-Delmestre et al. (2007), Valiante et al. (2007) , Pope et al. (2008) and Brand et al. (2008) for which the observations cover 5.5 − 6.85 µm in the rest frame (see Tab. 1). Objects from the first three works are submillimeter galaxies, some of them radio pre-selected. These galaxies are mainly starburst-dominated, but can present continuum emission in their mid-IR spectra, even if AGN is not the dominant power source. Galaxies from Brand et al. (2008) are optically faint objects selected at 70 µm: their mid-IR spectra show that they can be either PAH or absorption dominated. All the IRS data have been retrieved from the Spitzer archive and reduced using the same techniques described in § 2.1, in order to derive L 6AGN in a consistent way for all the objects. The results of the fit process are listed in Tab. 1. The values of L TIR have been taken from the works cited above.
Fig . 5 shows the distributions of the νL 6AGN /L TIR . Unfortunately, the statistics are rather modest for the bins at lowest and highest luminosities. The redshift range spanned by this sample is very broad (0.37 < z < 3.35). In particular, the bin at lowest luminosity is mainly populated by objects lying at z 1, while the most luminous bins include the most distant sources. We treat the whole sample as a unique population, because the inclusion of the z 1 objects does not significantly change the νL 6AGN /L TIR distribution in any of the luminosity bins.
In order to characterize the intrinsic distribution of νL 6AGN /L TIR , we run Monte-Carlo simulations with the same techniques used for the local galaxies explained in § 2.3. We generate a population of sources having 60 µm flux density spanning 40 to 1100 mJy. We calculate the expected value of the 60 µm rest-frame flux density from the 850 µm and 70 µm fluxes, respectively for the submillimeter and the 70 µm selected sources, assuming a grey-body spectrum with emissivity index β = 1.5 and
. The values obtained give us the range of the 60 µm population to simulate. Because of the low counts in the bin at highest luminosity, we are able to reproduce only the distributions of the first two bins, shown in Fig. 6 . At high redshift, AGN contributions to the total infrared luminosity differ from local objects. For L TIR ∼ 10 12 L ⊙ , the AGN contribution is consistent with the local universe distribution given the small number statistics. For the better populated 12.5 < log(L TIR ) < 13.3 bin however, which contains most of the SMGs, the AGN contribution is typically lower than for the few local objects reaching similar luminosities. All this evidence is tentative given the small sample size, the possible biases invoked by the selection and identification of the populations used, and the broad redshift range considered. It is hence too early to conclude a specific functional form of the change in the νL 6AGN /L TIR relation. For our subsequent simulations, we simply assume that the relation is the same as derived locally, with a change in the behaviour of the flat part: while in the local universe the increase of the AGN contribution stops at L TIR ∼ 10 12.8 L ⊙ , for distant galaxies it occurs at lower luminosities (L TIR ∼ 10 12 L ⊙ ). It can be summarized as:
2.5. Discussion The different role of AGN at low and high redshift for objects in the same L TIR class should not be a surprise. Fig. 7 can be read in two (equivalent) ways:
(1) the contribution of AGN to L TIR is lower at highz with respect to the local universe for sources with L TIR ∼ 10 13 L ⊙ , or (2) the AGN content of high-z sources with L TIR ∼ 10 13 L ⊙ is similar to that of local galaxies with L TIR ∼ 10 12 L ⊙ . This latter conclusion points out an analogy in the properties of SMGs and local ULIRGs.
Such an analogy has been already discussed by Tacconi et al. (2006) : from CO observations of a sample of 14 SMGs, they conclude that the density of the molecular gas, the luminosity surface density and the temperature of the dust are the same in the two populations and SMGs are similar to local ULIRGs mergers, suitably scaled for their larger masses, luminosities and star formation rates, as well as their greater gas fractions. In spatially resolved observations, SMGs and ULIRGs show considerable similarities in their kinematics (Tacconi et al. 2008) : the SMGs presenting multiple components are interacting systems and are similar to local double-nucleus ULIRGs, while SMGs showing characteristics of a rotational star-forming gas disk present the same surface and volume densities, for example, of the extremely compact ULIRG Arp220. All SMGs studied with sub-arcsecond millimeter interferometer so far, appear to be major mergers in different stages, similar to local ULIRGs.
Our analysis, nevertheless, is model-oriented: its purpose is not to find a theoretical explanation for the different populations observed, but to develop an evolutionary model based on observations capable of reproducing available data and to help plan forthcoming surveys with new instruments.
THE MODEL: NUMBER COUNTS AND REDSHIFT DISTRIBUTIONS OF INFRARED SOURCES
3.1. The strong evolution of infrared galaxies:
observational evidence There has been, in the past years, strong observational evidence indicating high rates of evolution for infrared galaxies.
First, galaxy evolution can be observed through its imprint on the far-IR extragalactic background. Weakly constrained even as recently as the end of the 1990s, various observations now measure or give upper/lower limits on the background from the ultraviolet (UV) to the millimeter waveband (e.g. Hauser & Dwek 2001) . Data show the existence of a minimum between 3 and 10 µm separating direct stellar radiation from the infrared part due to radiation re-emitted by dust. This re-emitted dust radiation contains a comparable integrated power as the optical/near-IR: this amount is much larger than what is measured locally (∼ 30 per cent). The CIB is thus likely to be dominated by a population of strongly evolving redshifted infrared galaxies. Since the longwavelength spectrum of the background is significantly flatter than the spectrum of local star-forming galaxies, it constrains the far-IR radiation production rate history (Gispert et al. 2000) . The energy density must increase by a factor larger than 10 between the present time and redshift z ∼ 1−2 and then stay rather constant at higher redshift (till z ∼ 3).
Secondly, numerous deep cosmological surveys at 15, 24, 70, 90, 170, 850 and 1300 µm have resolved a fraction of the CIB into discrete sources. For all surveys, number counts indicate a very strong cosmological evolution of infrared galaxies, not only in the total power radiated but also in the shape of the LF. This is particularly obvious at submillimeter wavelengths, where the background is dominated by high-luminosity galaxies (SCUBA and MAMBO sources). The high rates of evolution exceed those measured in other wavelength regimes as well as those observed for quasars and active galactic nuclei (AGN).
Finally, high rates of evolution are suggested by the detection of Poissonian fluctuations of the CIB at a high level at 60 and 100 µm with IRAS (Miville-Deschênes et al. 2002) , and 170 µm with ISOPHOT Matsuhara et al. 2000) . For example, the constraints given by Matsuhara et al. (2000) on the galaxy number counts indicate the existence of a strong evolution in the counts.
SEDs
Most existing backward evolution models ( § 1) separate the infrared sources into different populations. For example, Franceschini at al. (1988) consider three different populations: (1) normal late-type galaxies, (2) interacting/starburst galaxies and (3) galaxies with AGN. IRAS studies showed that galaxies of different nature in the local Universe have different spectral energy distributions (SEDs), e.g different values of the f 60 /f 25 ratio, so usually each population is associated with a particular SED family. The different populations of the model can evolve as a single population (Xu et al. 1998; Xu 2000) or at different rates, assuming a local LF for each component (Xu et al. 2001) . Nevertheless, it is known that infrared galaxies, in particular ULIRGs, can host both starburst activity and an AGN Lutz et al. 1998 ) and that galaxies classified as Seyfert show starburst tracers at infrared wavelengths , while most of the far-IR emission in local QSOs is powered by starbursts (Schweitzer et al. 2006) .
The SEDs can either be constructed empirically, considering the individual components responsible for the overall emission from the galaxies (e.g. Rowan-Robinson 1992), or using radiative transfer models (e.g. Efstathiou et al. 2000) . While a complicated array of dust properties contributes to the SED of each galaxy, studies of IRAS galaxies have typically reduced the description to a best-fit single dust temperature, T d , with a one-to-one mapping to the f 60 /f 100 flux ratio (hereafter referred to as R(60, 100)). It has been demonstrated, as well, that local IRAS galaxies exhibit correlations of R(60, 100) with luminosity (e.g. Dale et al. 2001) and that R(60, 100) changes systematically over a large range of luminosities. A statistical relation exists between R(60, 100) and infrared luminosity, even if the distribution is broad. Up to date, studies of the distribution spread in temperature for each luminosity bin exist, but analyses of the evolution are only preliminary, due to shortage of information on the temperature of the dust of high redshift sources (Chapman et al. 2003; Chapin et al. 2009 ). Difficulties of models with simple SED families and evolution functions became obvious with Spitzer data (e.g. Lagache et al. 2004 ). There is already evidence for a change in SED properties with redshift, with the intrinsic SED shapes of high z SMGs resembling lower luminosity local objects rather than similarly luminous local HYLIRGs, but a deep study of SEDs and temperatures of high-redshift galaxies is still missing. The main problems are the degeneracy of dust temperature with redshift (Blain et al. 2002) , the limited sample of sub-millimeter galaxies with measurements of spectroscopic redshifts (e.g. Chapman et al. 2005; Valiante et al. 2007; Pope et al. 2008) , and the selection effects on dust temperature induced by current methods to select high redshift infrared galaxies.
In building the SEDs for our model, we will take into account the coexistence of starburst and AGN in the same galaxies, their varying contribution with L TIR , and the spread in the luminosity-temperature (L − T ) relation. AGN are hosted by infrared galaxies of different luminosities and their contribution to the total infrared emission can be either negligible or predominant. We studied and discussed the problem of the AGN contribution in § 2. We found that, on average, the contribution to L TIR due to an AGN in IRAS galaxies is proportional to L 1.4 TIR of the host. Even if the dispersion in the relation allows the presence of low luminosity AGN-dominated objects (e.g. NGC1068, log(L/L ⊙ ) = 11.3), as well as ULIRGs powered by pure starbursts (e.g. IRASF19297-0406, log(L) = 12.4 L ⊙ ), this correlation holds over twoorders-of-magnitude, log(L) ∼ 11 − 13 L ⊙ . In § 2, we estimated the AGN contribution measuring the emission at 6 µm, after the subtraction of a starburst-like spectrum; this method does not require to spatially resolve the AGN within the host.
In the simulation, we go in the opposite direction. Each source is assigned a redshift and a total infrared luminosity,L TIR , consisting of both the starburst (L SB ) and AGN (L AGN ) contributions (L TIR =L SB +L AGN ). Starting fromL TIR , we calculate the expected value νL 6 µm /L TIR for that luminosity, using Eq. 1 (see also Fig. 7) .
Then, we generate a random value of νL 6 µm /L TIR assuming its distribution is a gaussian with mean νL 6 µm /L TIR and sigma corresponding to the luminosity bin whereL TIR lies (see Tab. 1). From this random value we derivef 6AGN for the redshift of the source generated. Last, we scale an AGN template in order to achieve the desired flux densityf 6AGN at 6 µm. The AGN tem-plate used is the model calculated by Efstathiou et al. (1995) for the nuclear infrared continuum spectrum of the Seyfert galaxy NGC1068. The luminosity of the scaled template,L AGN , is the contribution of the AGN toL TIR .
Spectral templates for starbursts are taken from the Dale et al. (2001) (see also ) catalog, divided into 64 classes from R(60, 100) = 0.29 to 1.64, corresponding roughly to single-component dusttemperature models of 23 − 45 K. SEDs are normalized by integrating each spectrum over the 8 − 1000 µm range and scaling to the expected value of L TIR for its R(60, 100), calculated from the relation found by Chapin et al. (2009) and adapted to the TIR luminosity (see Fig. 8 ):
with γ = 0.21, δ = −0.12, C * = −0.50 and L ′ = 5.6 × 10 9 L ⊙ . In order to fit this model we follow an identical methodology to Chapin et al. (2009) , calculating L TIR by integrating the same SED catalogue, normalized to IRAS 60 and 100 µm data. In this way we obtain an SED family in the range 10 9 −10 15.7 Hz spanning luminosities log(L) = 8 − 13.5 L ⊙ . During the simulation, in Eq. 2 we use the starburst contributioñ L SB to the total infrared luminosity only, which we obtain by subtractionL AGN fromL TIR . From Eq. 2 we obtain the corresponding mean R(60, 100) for theL SB of the generated source. Then, we calculate the spread in the L − T relation and generate a random value of R(60, 100), following the gaussian distribution calculated by Chapin et al. (2009) (see their Eq. 8 and Eq. 10) and centred on R(60, 100) (see Fig. 8 ). Finally, we rescale to the correctL SB the library SED associated to the R(60, 100), which was obtained from the gaussian distribution implementing the spread in the L − T relation.
To obtain the final SED, we add the two spectra derived for the AGN and starbursts parts. Fig. 9 shows examples of SEDs with different L TIR and different AGN contributions. Because the model takes into account both the average relation and its dispersion, it permits a wide range of combinations of L TIR and AGN emission.
Model parameters
In this section we describe the algorithm to coherently model the number counts in different bands. A backward evolutionary model requires some basic "ingredients":
• the spectral energy distributions, already described in § 3.2, depending on L TIR , R(60, 100) and AGN content
• a cosmological model describing the accessible volume in a survey solid angle as a function of redshift. This is now well constrained from WMAP results (Spergel et al. 2007 ). A concordance cosmology of
• a luminosity function at z = 0, e.g. the most recent derivation of infrared luminosity function for IRAS galaxies by Chapin et al. (2009) • the evolution functions for density and luminosity evolution.
The solid angle observed (and therefore the number density of the sources) is geometrically defined by the assumed Universe model. The predicted number of sources in a given redshift interval (z − 0.5 dz, z + 0.5 dz) and in a given infrared luminosity interval (L − 0.5 dL, L + 0.5 dL) is given by
where φ is the local luminosity function and f (z) and g(z) are respectively the luminosity evolution function and the density evolution function and dV /dz is the comoving volume element. The luminosity function assumed at z = 0 is a power law parametrization of IRAS galaxies. As explained by Chapin et al. (2009) , the LF calculated accounts for a temperature bias in the underlying 60 µm flux-limited sample, as well as luminosity evolution. The LF was computed using the 1/V max method (Schmidt 1968 ) with a modified formalism. The parametric form of the LF for the L TIR is given by:
with α = 2.42, β = 2.61, ρ * = 6.6 × 10
and L * = 6.9 × 10 10 L ⊙ (see Fig. 10 ). As in Eq. 2 we have re-calculated the fit for L TIR , since the results in Chapin et al. (2009) are for narrower-bandwidth FIR luminosities.
There exist observational evidences for strong evolution in the infrared galaxy population (see § 3.1). The amount of observed star formation shows that a large component of the infrared population has evolved to the present epoch. Possible scenarios are density evolution, where, due to merging/interactions, galaxies were more numerous in the past, or luminosity evolution, where, due to enhanced star formation, galaxies were more luminous in the past. These two schemes of evolution capture in a way that is practical for computational aspects what in principle is a more general evolution of the luminosity function with redshift. In general, some evolution is needed for all populations of active sources (e.g. QSOs, radio galaxies and starburst galaxies) in order to model extragalactic source counts successfully. One of the ways to model luminosity and/or density evolution is using a simple power law. This assumption is motivated by similar evolutionary models at radio and X-ray wavelengths (Boyle et al. 1988; Benn et al. 1993; Condon 1994) . Similar evolution has also been observed in optically selected starburst galaxies (Lilly et al. 1996) and in the submillimeter emission from radio loud galaxies observed at 850 µm by SCUBA (Archibald at al. 2001) .
Our model assumes power law luminosity, f (z), and density, g(z), evolutions. The following functional forms are adopted:
Both functions are assumed to be continuous at z 1 and z 2 . The algorithm calculates the number of sources predicted in each redshift bin (see Eq. 3), introducing a poissonian scattering to the expected value. Then, a valueL TIR is associated to each source, by Monte-Carlo extraction, according to the luminosity function calculated for the redshift of the source, φ(L/f (z)).L TIR is then split into two parts: the fraction due to AGN contribution (L AGN ), calculated following Eq. 1, and the remaining part associated to starbursts (L SB ). The SED is thus "built" (see § 3.2) adding a scaled AGN template (NGC1068) of luminosityL AGN with the starburst template corresponding toL SB , after the application of a scatter in the L − T relation, and scaled to the appropriate luminosity distance. The sources' flux densities in different bands are then calculated by convolving the redshifted SED with the bandpasses of the filters. In this way, we effectively simulate a virtual sky for a given evolution model. For each source, we know not only the flux densities for several bands and the L TIR , but also the temperature of the dust and the L SB /L AGN ratio. The latter information, in particular, allows us to follow the co-evolution of starbursts and accretion, exploring photometric indicators to select different populations of infrared sources.
RESULTS AND COMPARISONS WITH AVAILABLE SURVEYS
Backward evolution models for the infrared spectral range include a significant number of tunable parameters, and using the proper observational constraints to adjust these parameters is the key to the successful use of such models. Traditionally, the first quantities to fit are the total IR/submm background as measured by COBE (CIB), and the number counts at mid-IR to submillimeter wavelengths. With improving identification and follow up of SCUBA, ISO and Spitzer sources, redshift distributions of different IR-selected populations now provide further powerful constraints. We are now about to enter the next level of physical characterization including determination of full rest frame far-IR SEDs, a field that will be given a big boost with BLAST and Herschel, and better disentangling the role of star formation and AGN in high redshift infrared galaxies. The model presented here is designed to allow comparison with this new type of constraints on SED and AGN content. By implicitly coupling AGN evolution to infrared galaxy evolution, this model is also amenable to comparison with AGN surveys at other wavelengths, if making use of assumptions about AGN SEDs and obscuration.
The most relevant results of the last years are related to surveys carried out by SCUBA and Spitzer. Thus, we will compare our results with the data available for these instruments. Hereafter, we will use number counts from Papovich et al. (2004) and Shupe et al. (2008) for the 24 µm sources, Frayer et al. (2006a,b) for the 70 µm sources, Frayer et al. (2006a) for the 160 µm sources, Coppin et al. (2006) Renault et al. 2001; Miville-Deschênes et al. 2002; Lagache et al. 2003) . All the simulations are run on a field of view of 10 deg 2 , in order to be comparable with the main infrared surveys and sufficiently sample the high luminosity end. The redshift range covered is 0 ≤ z ≤ 8. In the plots of the redshift distributions (see Fig. 11−Fig. 14) , the available data have been appropriately scaled in order to be comparable with the simulations.
In order to find the best set of parameters (n 1 , n 2 , z 1 , m 1 , m 2 , z 2 ) fitting available data we have run simulations on small fields of view, changing slightly each parameter "by hand". Changing the parameters one by one allows us to understand how each parameter influences the final results: we have used this approach to have full control of the simulation and to understand the role and weight of each parameter. During the optimization process, we have considered differently the several constraints given from current surveys, depending on their reliability: first, we have worked to reproduce the most accurate measurements and only later we have tried to fit the less constrained results. For example, SHADES (Coppin et al. 2006 ) has made accurate measurements of the number counts at 850 µm down to faint fluxes (∼ 2 mJy) and Spitzer has provided very sensitive measurements with minimum uncertainties of the number counts at 24 µm, either with observations on large scales (49 deg 2 , Shupe et al. 2008) or very deep, down to fluxes ∼ 0.1 mJy (Papovich et al. 2004 ). On the other hand, the redshift distribution of submillimeter galaxies is not well constrained at high z. In fact, the radio-selected sample of Chapman et al. (2005) is biased towards z 3 because of the radio flux limit, and there are several hints of galaxies at z ∼ 4 (Valiante et al. 2007; Knudsen et al. 2008; Daddi et al. 2009 ). The redshift distribution of 24 µm sources are obtained from photometric redshifts on a K S -band selected galaxies in the GOODS-S field (Wuyts et al. 2008 ): cosmic variance can have an important role on the redshift distribution in a field so small, as well as the selection and the choice of the SEDs for photometric redshifts. All these effects could overestimate the number of low redshift objects. Finally, the surveys at 160 µm (Frayer et al. 2006a ) are still rather shallow.
Below, we present a summary of the optimization process, showing the main steps followed to obtain the best parameter set (n 1 , n 2 , z 1 , m 1 , m 2 , z 2 ). A summary of the parameters for all the models discussed are shown in Tab. 1.
Pure starbursts SEDs
As a starting point, we compare the observations with a model considering only the starburst part of the SED, including its scatter in the L − T relation (model M1). The submillimeter galaxies are starburst dominated, so we look for the best parameter set reproducing at least the 850 µm number counts. We assume a strong evolution in luminosity (n 1 = 3, n 2 = 0) and a weaker evolution in density (m 1 = 1, m 2 = 0), with z 1 = z 2 = 2. The results are shown in Fig. 11 . The bright 850 µm counts are well reproduced. However, all the other counts are underestimated: using this evolutionary model, there is still room to introduce an SED taking into account the AGN contribution. The redshift distribution at 24 µm is quite well reproduced, while at 850 µm the modeled redshift distribution shows a strong excess at z 3.5. Adding the AGN part, we can be confident that the submillimeter distribution will not change much, but we should not expect the same trend in the mid-IR, since there the AGN contribution can be significant, in particular at high redshifts.
Adding the AGN contribution
In this second step, we build SEDs as described in § 3.2. In particular, we determine the AGN contribution following Eq. 1. As calculated in § 2, we assume a gaussian distribution in each infrared luminosity bin (see Tab. 1). The results, assuming the same evolution applied previously, are shown in Fig. 12 (M2 ). Compared to model M1, the 24 µm number counts are now better reproduced, even if the shape of the peak is slightly different. The redshift distribution at 24 µm has become worse: the AGN contribution has introduced a large excess at z ∼ 2. The parameter set used up to now is no more acceptable and we have to explore the parameter space further, in order to reproduce all the observations.
Comparing different kinds of evolution, we learn that we need a strong luminosity evolution in order to reproduce the number counts at 24 µm and the 850 µm, but this always introduces an overprediction of the 24 µm z ∼ 2 sources. On the other side, with a strong density evolution we obtain a redshift distribution at 24 µm that is very similar to the observed one, but we completely lose the peak in the 24 µm number counts. We note, moreover, that a shift of the peak of the density evolution, z 2 , towards lower redshifts, causes a change in the shape of the redshift distribution at 24 µm, reducing the number of the z ∼ 2 sources, without changing the 24 µm number counts. Last, if we want to reduce the number of high redshift 850 µm sources, we need a luminosity evolution peaking at z 1 and then dropping down (n 2 has to be negative). Fig. 13 shows number counts and redshift distributions for a model with n 1 = 3.4, n 2 = −1, z 1 = 2.3, m 1 = 1, m 2 = −1.5 and z 2 = 1 (M3). Data at 24 µm are well reproduced, in particular the predicted peak of the number counts has now the same shape of the measurements even if it is slightly lower, while at 850 µm the simulation underpredicts the integral number counts but reproduces the redshift distribution.
Evolving the L − T relation
In this simulation, the starburst part of the SED still does not vary from the local to the distant universe. This last point is in contradiction to recent works already mentioned in § 3.2, showing that submillimeter galaxies, even being as luminous as local "HYLIRGs", have dust temperatures typical of less luminous local galaxies (ULIRGs) Pope et al. 2006; Valiante et al. 2007 ). Pope et al. (2006) , in particular, needed to modify the "classical" SED model of Chary & Elbaz (2001) increasing the cold component of the dust, in order to fit the SEDs of the submillimeter galaxies in the GOODS-N field.
We then include in our model a simple evolution in the L − T relation, accounting for the cooler temperatures of high redshift infrared galaxies. We modify Eq. 2 in the following way:
with all the parameters as in Eq. 2. This evolution is consistent with the observations cited above. Fig. 14 shows number counts and redshift distributions for this new model with n 1 = 3.4, n 2 = −1, z 1 = 2.3, m 1 = 1, m 2 = −1.5 and z 2 = 1 (M4). All the submillimeter measurements are now well reproduced, with perhaps some excess in the number counts at strong fluxes, together with the mid-IR data, whose number counts have improved and redshift distribution has not felt the effect of the new SEDs. The number counts in the far-IR, in particular at 160 µm, are nevertheless underestimated.
Even if the peak of the 24 µm number counts is well reproduced by the model M4, there is still some excess in the number counts at strong fluxes, where AGN dominate, but the uncertainties are large given the small number statistics. We compare the number of AGN predicted by our model with the number of sources expected adopting QSO luminosity functions. We select only the brightest 24 µm sources (f 24 ≥ 5 mJy) and consider only the AGN-dominated sources (L AGN /L SB ≥ 1). With the exception of some local and faint objects, all the sources selected in this way are highly luminous, distant AGN. Applying a simple bolometric correction, L BOL ∼ 10νL ν at mid-IR rest wavelengths, we can calculate the expected number of QSOs for the same L BOL and z ranges of our subsample. We integrate the luminosity function of Hopkins et al. (2007) ("full" model, with pure luminosity evolution and bright-and faint-end slopes evolving with redshift) for 10 12.2 ≤ L BOL ≤ 10 14.5 L ⊙ and 0.1 ≤ z ≤ 2.3. The number of the sources selected from our simulation does not exceed the expected number given by the bolometric luminosity function. Nevertheless, we already pointed out that the high part of the νL 6 (AGN)/L TIR distribution is not well constrained (see § 2.3). In particular, the hypothesis of the gaussian distribution could be wrong: it was assumed following the principle of the minimization of the free parameters, but a different kind of distribution, for example an asymmetric distribution with a cut-off at high luminosities, cannot be excluded (see § 6).
4.4.
Evidence for a local "cold" population? Our models were no able to reproduce the number counts at 160 µm, underestimating them by a factor of ∼ 5. The ISOPHOT Serendipity and FIR-BACK surveys have revealed a population of nearby cold galaxies (Stickel et al. 1998 (Stickel et al. , 2000 Chapman et al. 2002; Patris et al. 2003; Dennefeld et al. 2005; Sajina et al. 2006) , under-represented in the 60 µm IRAS sample. These objects are often associated with bright optical spiral galaxies, and their far-IR colours (f 170 /f 100 ∼ 1.3) indicate a rising spectrum beyond 100 µm, similar to that seen for example in the Milky Way galactic ridge (Serra et al. 1978) . Lagache et al. (2003) implemented this class of objects (hereafter "cold galaxies") in their evolutionary model: cold galaxies dominate the z = 0 luminosity function at low luminosities and become less important at higher redshifts, because their evolution is passive and short (n 1 = 1, n 2 = 0, z 1 = 0.4). Their contribution to the high luminosity part of the luminosity function is still substantial up to L TIR ∼ 10 12 L ⊙ , while at larger luminosities it is quite small. Lagache et al. (2003) show that the fraction of cold galaxies can contribute to the total number counts up to ∼ 50% at 170 µm in the flux range where a comparison with measurements is possible (0.1−1.0 mJy, see their Fig. 9 ). The modifications added later to the model have not changed the number counts at 160 µm (Lagache et al. 2004, their Fig. 4) .
In order to introduce a similar population in our model, we have to assume that probably the scatter in the L − T relation calculated by Chapin et al. (2009) and implemented in our simulations needs some corrections in order to take into account the cold galaxies population. The lack of these corrections can explain why we underestimate the 160 µm number counts. Moreover, any changes of the adopted L − T relation and its scatter has to be constrained by the 850 µm counts. The 160 µm counts need to be increased without creating excess 850 µm counts. This may support a mostly local change. Moreover, colder galaxies with a higher 160 µm flux have typically lower 70 µm flux: any change introduced cannot be too much strong. Chapin et al. (2009) discussed two SMGs that are outliers respect to their L − T relation: they explain the exceptions assuming a mismatching in the optical counterparts. Nevertheless, they do not exclude that both the galaxies are really at low redshift and a population of cold galaxies do exist at z < 1 and are largely missed in IRAS surveys.
We then modify the spread in the L − T relation assuming an asymmetric gaussian distribution. The original distribution calculated by Chapin et al. (2009) is a standard gaussian in log(R(60, 100)). We assume a 7 times broader gaussian on the "cold" side of the peak respect to the "warm" side at low redshifts (z < 1). In this way more cold galaxies are generated with respect to the IRAS population. The results for this model with n 1 = 3.4, n 2 = −1, z 1 = 2.3, m 1 = 2, m 2 = −1.5 and z 2 = 1 (M5) are shown in Fig. 15 . Finally, both the far-IR (160 µm and 70 µm wavebands) number counts are reproduced within the uncertainties as well as the submm measurements. We note that a qualitatively similar need to add local cold sources arose when using in our models both the earlier IRAS-based determination of temperature spread by Chapman et al. (2003) and the recent work of Chapin et al. (2009) . We can consider M5 our best-fit model: all the number counts are well reproduced (within a factor 2), and also the redshift distributions are very similar to the observed ones, even if there are some discrepancies, due probably to the reasons explained above.
An example of how this population of cold galaxies could influence results of Herschel surveys is given in § 8 (see Fig. 20bottom) .
A further constraint on our evolutionary model comes from the comparison with the current CIB measurements. Our model predictions for the CIB are derived by summing up the flux densities of all sources for the bands in question. Fig 16 shows the predicted CIB intensity at specific wavelengths together with the comparison with present observations for the model M5: it agrees with all the available measurements and limits. We also compare the IR luminosity function calculated at different redshifts with measurements. Fig. 17 shows the luminosity function of our best model M5 fitting all data from low redshifts z = 0.3 (Huang et al. 2007 ) to z = 0.4, 0.5, 0.7, 0.9, 1.1 measured by Le Floc'h et al. (2005) and Magnelli et al. (2009) , z = 1, 2 by Caputi et al. (2007) and SMGs at z ∼ 2.5 .
STAR FORMATION HISTORY
There has been much interest in the star formation rate and metal production history of the Universe since Madau et al. (1996) showed that they could be derived from deep UV/optical cosmological surveys. Since then the so-called Madau diagram has been revised many times through various improvements, including (1) the corrections for the effect of dust extinction on UV/optical luminosities (e.g. Steidel et al. 1999) , (2) results from less extinction-sensitive Balmer line surveys (e.g. Yan et al. 1999) , and (3) results from submillimeter SCUBA surveys (e.g. Chapman et al. 2005) .
Adopting the conversion factor of Kennicutt (1998) ,
we can convert the cosmic luminosity density evolution of our model to a SFR curve. In the calculation, we take into account only the fraction on infrared luminosity due to star formation (L SB ). In Fig. 18 the results of the simulation using model M5 are compared with the survey data already shown by Chapman et al. (2005) (see their Fig. 12 ). The model is in very good agreement with the observations for the full redshift range. In particular, for z 4, the model results are similar to the results from SCUBA surveys, while it is slightly lower than the measurements obtained from the UV/optical surveys. This does not surprising, since the model itself is constrained by the infrared/submillimeter data.
AGN CONTRIBUTION TO THE INFRARED EMISSION
As discussed earlier, LIRGs and ULIRGs, with their huge infrared luminosities, correspond to an extremely active phase of dust enshrouded star formation and/or AGN activity. They become an increasingly significant population at high redshift, representing an important phase in the buildup of massive galaxy bulges and in the growth of their central supermassive black holes. To understand these processes, it is essential to separate the relative contributions of AGN and starburst activity to the infrared luminosity of LIRGs and ULIRGs.
Recent work has shown how the IRAC color-color diagram and the MIPS 24 to 8 µm color can be used to identify AGN-dominated sources (Lacy et al. 2004; Sajina et al. 2005; Stern at al. 2005; Yan et al. 2004; Brand et al. 2006) . Brand et al. (2006) , in particular, have demonstrated how the 24 to 8 µm flux ratio (ζ ≡ log[νf nu (24 µm)/νf ν (8 µm)]) can be used to disentangle the contribution of AGN and starbursts to the total reprocessed mid-IR (∼ 5 − 25 µm) emission as a function of the 24 µm flux. We use this study as a first example of how to compare our model with observations that constrain the AGN content of high−z sources.
Nevertheless, a photometric study of this type is subject to several caveats. Many broad emission-and absorption-line features are known to be present in the mid-IR spectrum of ULIRGs (e.g. Houck et al. 2005; Yan et al. 2005) , and this may affect ζ as function of redshift. For example, at 1.1 z 1.7, the 24 µm observed emission can be strongly attenuated by the silicate absorption feature at 9.7 µm. It is also possible that an AGN could be heavily embedded in large amounts of cooler dust and could remain undetected in the 8 µm band even though it dominates the bolometric infrared emission. In practice: on one hand, the galaxies, which in Brand et al. (2006) are classified as "AGN-dominated", do host an AGN, but it is not necessarily the dominant source powering the infrared emission; on the other hand, objects that are known to be dominated by AGN in the mid-IR, like NGC1068, do not present the color (ζ ∼ 0) that is considered "typical" for AGN-dominated sources in the Brand et al. (2006) study.
Obtaining mid-IR spectroscopy of complete unbiased 24 µm selected samples of infrared sources will be important in putting more constraints on the AGN contribution to the total infrared emission and in characterization of the 24 µm selected population. Large Spitzer-IRS observing programs covering sources with 24 µm fluxes around and below 1 mJy are under analysis and will be well suited for this task. In combination with IRS surveys at brighter fluxes, they will trace the evolution of the AGN/SB ratio, strength of PAH emission and mid-IR opacities as a function of L TIR and z. In the meantime, results of photometric studies like the one of Brand et al. (2006) can be compared to our models (see Fig. 19a ).
The models developed here allow us to predict the fraction of AGN-dominated sources as a function of the mid-IR flux. In particular, it is possible to distinguish between sources dominated by AGN at 24 µm and sources AGN-dominated with respect to the total infrared luminosity. This distinction is important when comparing the results of the simulation with the observations: the information about f 24 will be useful in comparison with the upcoming results from the IRS observations cited above, while the predictions related to L TIR will be confronted with Herschel results.
At the moment, as already explained, the shape of the AGN distribution is not well constrained at the highest ratios of AGN to total infrared luminosity. As an experiment, in order to reduce the number of luminous AGN, we change the assumed gaussian distribution introducing a cut for large values of νL 6 µm /L TIR : we reject all values of νL 6 µm /L TIR more than 3 σ away from its expected value. This model, again using the same parameter set (n 1 = 3.4, n 2 = −1, z 1 = 2.3, m 1 = 1, m 2 = −1.5, z 2 = 1, model M6), does not significantly change the number counts and redshift distributions with respect to the best model M5, so we do not show them here.
Differences between the two models are evident when doing different kinds of analysis. Fig. 19a shows the fraction of all sources whose mid-IR emission is dominated by AGN (f 24AGN /f 24SB > 1) as a function of the 24 µm flux density for model M5 (solid histogram) and M6 (dashed histogram). The trend and the values obtained are similar to those measured by Brand et al. (2006) (open squares), even if the measurements have to be compared carefully for the reasons explained above. Our predictions will be easily compared instead with the upcoming IRS results, that will help us to put more constraints on the modeled AGN contribution. In fact, the AGN fraction of model M6, where the AGN contribution has been slightly modified, is a bit lower compared to model M5: only more constraints coming from mid-IR spectroscopic observations can discriminate between the two models M5 and M6. Fig. 19b shows the fraction of all sources whose total infrared emission is dominated by AGN (L AGN /L SB > 1) as a function of the 24 µm flux density for the two models M5 and M6. As expected, the values of the fraction are lower, because the AGN starts to dominate the mid-IR part of the SED before being dominant in the entire infrared range (see e.g. Fig. 9 ).
OPEN ISSUES
Our best-fit model M5 is able to reproduce most of the measurements available. Nevertheless, there are still some issues that need a deeper analysis and discussion and will be dealt with in future studies.
The first point concerns the so called "local cold population". Even if there are several clues about the existence of a population of colder IR galaxies not detected by IRAS, only forthcoming surveys at longer wavelengths carried out with Herschel will be able to reveal and characterize this kind of objects.
The second point regards the distribution of the AGN contribution and the fraction of AGN-dominated sources. We already pointed out that the models M5 and M6 predict similar 24µm number counts, but different amount of AGN-dominated sources. Galaxies at z ∼ 2 presenting a "mid-IR excess" have redder K−5.8 µm colours than normal galaxies: this is evidence for an AGN contribution to the mid-IR continuum due to warm dust. The presence of Compton-thick AGN is confirmed by the stacked Chandra X-ray data (Daddi et al. 2007 ). The sky density and the volume density of this population of obscured AGN agree reasonably well with those predicted by the background synthesis models of Gilli et al. (2007) . In order to discriminate between our best models, M5 and M6, we need to compare the AGN-dominated sources predicted with upcoming results with IRS. This will introduce a further constraint, in addition with the bounds already used to the total number counts, and it will enable the final model to reproduce the co-evolution of AGN and starbursts in more detail.
The third point regards the evolutions of the AGN− and Color−L TIR relations. It is clear that some evolution is needed in order to reproduce existing observations, nevertheless the evolution implemented in this model is quite simple. More information regarding the AGN content of high−z far-IR selected sources and the shape of the SED of SMGs will enable a better characterization of these details. Understanding evolution is intimately related to the black hole growth and to the star-formation rate history of massive galaxies.
PREDICTIONS FOR MULTIBAND HERSCHEL SURVEYS
In this section, we show predictions using the best-fit model M5. We concentrate on future surveys with Herschel, which will be launched in early 2009, in particular on the PEP survey 6 . All three PACS bands (70, 100, 160 µm) are considered. Predicted number counts at 70 and 160 µm are already shown in Fig. 14 and compared with the currently available data in those wavebands.
In Fig. 20top the predicted integral number counts at 100, 250, 350, 500 µm are plotted. While at 70 µm the AGN-dominated sources can give a non-negligible contribution to the total number counts, in particular for f 70 50 mJy, in the other Herschel bands the number counts are exclusively dominated by the starburst component. Fig. 20middle shows predicted redshift distributions for the deep (f 100 > 1.5 mJy) and large (f 160 > 8 mJy) PEP fields. The deep (10 ′ × 15 ′ ) and the large (85 ′ × 85 ′ ) fields are centred respectively on the GOODS-S and on the COSMOS fields, in order to have the maximum availability of multi-wavelength data and follow up opportunities. The chosen fields are in fact fully covered in several of the following: deep X-ray surveys, UV/optical/near-IR/IRAC imaging, HST imaging, Spitzer mid-IR surveys, submillimeter surveys and radio mapping. The predicted distributions show a prominent peak at z ∼ 1 and a shoulder reaching z ∼ 2 and beyond. Both the surveys will observe sources up to z ∼ 3, allowing a consistent step forward in the study of the cosmic evolution of dusty star formation and of the infrared luminosity function, as well as in the determination of the overall SEDs of active galaxies.
In Fig.20bottom the predicted redshift and dust temperature distributions of galaxies selected in the PACS bands (100 and 160 µm) for models M4 (no local cold population) and M5 (with local cold population) are plotted. The selection is assumed to be the same as expected in the CDFS field (∼ 8 deg 2 , f 100 > 27 mJy, f 160 > 38.8 mJy). Redshift distributions are similar in shape, but M5 presents an increase in the number of detected objects at z 1 of a factor ∼ 3. Dust temperature distributions are completely different: M4 predicts a mean temperature of T d ∼ 38 K, while M5 presents a skewed distribution with a prominent peak at T d ∼ 23 K and a tail up to T d ∼ 60 K. Multiband Herschel surveys will measure these distributions.
CONCLUSIONS
The aim of this work has been to find a "backward evolution" model that can viably fit the galaxy source counts and redshift distributions from the mid-infrared to submillimeter wavelengths whilst not violating the constraints set by the Cosmic Infrared Background measurements. Increasingly detailed observations are characterizing high redshift galaxies simultaneously at many infrared wavelengths, and are starting to unravel the role of AGN within them, suggesting a refinement of previous models. We adopted a Monte-Carlo-based approach that considers the evolution of a coherent population of infrared galaxies with distribution functions describing the contribution of AGN and the spread around the luminosity-temperature relation for the far-infrared emission.
As a necessary ingredient of this model, we have characterized the local distribution of AGN contributions as a function of total infrared luminosity. We have applied spectral decomposition to a large sample of Spitzer-IRS spectra of ULIRGs and LIRGs with L TIR > 10 11 L ⊙ to isolate the AGN 6 µm continua. The distribution of L 6AGN /L TIR changes with L TIR . We compare the AGN detections and limits to simple Monte-Carlo simulations, making the assumption of an intrinsically gaussian distribution, to quantify this increase with luminosity of the AGN contribution to the infrared luminosity. The best fit, νL 6 µm /L TIR ∝ L α TIR , gives α = 1.4 ± 0.6. The relation does not hold any more at high redshifts. The most luminous high redshift infrared galaxies, L TIR ∼ 10 13 L ⊙ , show a small contribution from AGN, being mainly starburst powered.
The local start of our backward evolution models combines this result with the luminosity function and temperature-luminosity relation of Chapin et al. (2009) . We have explored several models considering evolutionary variation of increasing subsets of the parameters within this framework. We find that we can satisfactorily reproduce number counts and redshift constraints from the literature with such a population of infrared galaxies evolving in luminosity and density. The contribution of starbursts and AGN varies with redshift and luminosity, as does the far-infrared dust temperature. The luminosity evolution is mainly constrained by number counts at 24 and 850 µm, while the density evolution is strongly influenced by the 24 µm redshift distribution. While this evolution in luminosity, density, AGN contribution and dust temperature is clearly suggested by this sequence of models, the detailed functional forms and parameters are necessarily uncertain with current data.
As in previous work (e.g. Lagache et al. 2003) , we have realized a need to invoke a population of local cold galaxies in order to reproduce the number counts at 160 µm. Even with such clues about the existence of this population, its observational characterization remains incomplete.
The coherent consideration of both AGN and starburst in our model allows for direct comparison to observations constraining the role of AGN in high redshift infrared galaxies. Trends with modelled mid-infrared flux from our best fit model are consistent with photometric estimates (Brand et al. 2006) . Forthcoming IRS observations of large flux-limited samples will both reduce the observational uncertainties in characterizing the role of AGN and allow to better constrain the role of the most luminous AGN in our models.
Characterization of the SEDs of z ∼ 0.5 − 3 galaxies near their rest frame far-infrared peak will make a big step forward with the Herschel mission, and advance the understanding of the AGN-galaxy co-evolution. The model type presented here is prepared for the substantial tests and refinements of assumptions on the evolution of role of AGN and luminosity-temperature relation that will be possible. As a first step, we have presented predictions from our current best-fit model for redshift distributions and the role of AGN in deep surveys with Herschel-PACS. and sigma (σ det ) of the detections as the data. The detection limits assumed for f 6AGN in each bin is reported in Tab. 1. Symbols have the same meaning as in Fig. 3 . Each simulation is made for a population of 2 × 10 4 objects. Each diagram reproduces the values observed in the corresponding panel of Fig. 3 and shows also mean (m) and sigma (σ) of the adopted distribution. Fig. 5 , while the last luminosity bin has not been simulated because the statistic is too low for the fit to converge. Symbols have the same meaning as in Fig. 3 . Each diagram also shows mean (m) and sigma (σ) of the adopted distribution. Fig.3) . Due to the large number of non-detections, they represent only an upper-limit on the true log νL 6AGN /L TIR for almost all the bins. The green stars and the associated bars show means (m) and sigma (σ) of the gaussian distributions adopted in the simulations in order to reproduce detection rates (d.t.), means (m det ) and sigma (σ det ) of the detections from the measurements (see Tab. 1 and Fig.4) . The best fit, νL 6AGN /L TIR ∝ L α TIR , gives α = 1.4 ± 0.6 and is shown as a dotted green line: the relation is assumed to be flat at high L TIR . The red stars and their bars show means and sigma of the gaussian distributions adopted to reproduce measurements of the high redshifts sample (see Fig. 5 and Fig. 6 ). The relation found for the local galaxies no longer holds. Fig. 8. -Relation between the color R(60, 100) and L TIR (solid and dotted lines give the mean and 1−σ envelope of Eq. 2 respectively). (Dale et al. 2001; and an AGN template (dotted lines) (Efstathiou et al. 1995) . The flux density is expressed in Jansky and is scaled for a distance of 100 Mpc. In each diagram we indicate L TIR and the ratio between the luminosity of the AGN and the luminosity of the starburst spectra. For each luminosity class, two examples are shown: an AGN-dominated SED (L AGN /L SB ≥ 1, left column) and a starburst-dominated SED (L AGN /L SB < 1, right column). 
